www.krcp-ksn.org more adverse effects, which vary from mild and manageable to intolerable and require medical intervention [4] .
Tenofovir is usually available as tenofovir disoproxil fumarate (TDF) or tenofovir alafenamide. TDF, an acyclic phosphate, is an orally administered pro-drug of tenofovir. It is the first nucleoside analogue of reverse transcriptase inhibitor approved for treatment of HIV [5] [6] [7] [8] .
Tenofovir is eliminated from the body through the glomerular filtration of the kidney, with 20% to 30% transported actively into the proximal renal tubular cells by organic anion transporter 1. Tenofovir is generally considered safe, although renal toxicity has been reported following its administration [9] [10] [11] [12] [13] . As reported by Woodward et al [14] , tenofovir can cause proximal renal tubulopathy, such as Fanconi syndrome and other nephrotoxicity-related syndromes. These are characterized by calcium and phosphorus dysregulation with accompanying bone disease, diabetes insipidus, and reduction in glomerular activity [15, 16] . Several authors have outlined the risk factors associated with tenofovir, including baseline-impaired renal function due to nephrotoxic drugs and reduced body weight [17] [18] [19] . Others have reported that in a number of cases, tubular dysfunction is reversible when tenofovir is withdrawn [12, 13] .
In Nigeria, limited information is available on the rate at which adverse drug reactions occur among patients on ART. Data are insufficient on various environmental, medication, and patient factors that predispose a patient on ART to adverse effects. It is worth noting that rates of adverse drug reactions observed in clinical trials are usually not a true reflection of rates observed in clinical practice. A number of factors need to be evaluated to better understand the pattern of adverse drug events in a population. This observational study, therefore, adopted a prospective cohort design to establish the extent to which tenofovir is associated with renal toxicity, especially tubular dysfunction, among HIV patients at the University of Port Harcourt Teaching Hospital (UPTH), Rivers State in Nigeria.
Methods

Study subjects
This was a prospective cohort study conducted among HIV-infected patients attending the medical outpatient clinic of UPTH. There were two groups: a TDF group, consisting of newly-diagnosed HIV patients on a tenofovir-based ART regimen, and a non-TDF group consisting of newly diagnosed HIV patients on ART not containing tenofovir. All HIV-positive patients aged 18 to 50 years newly commenced on ARTs were recruited, however, those who were severely ill (too ill to stand or walk without support), hypertensive, diabetic, or with any other comorbidity were excluded. Those who received any herbal, traditional, or complementary medicine capable of altering liver or kidney function within 2 weeks prior to the commencement of the study, were pregnant or planning to get pregnant within 4 months of the study, or were unable or unwilling to give informed consent were also excluded.
The essence of the study was verbally explained to patients attending the HIV clinics at UPTH. Exclusion criteria were discussed verbally, and with permission, reference was made to patients' medical records where available. Current and past medical history, including drug history, adherence, adverse effects and intercurrent ailments, were also obtained. Blood and urine samples were obtained for determination of parameters at baseline.
A pre-treatment run-in visit was scheduled to identify potential non-adherent patients and those unwilling to participate in the study. At the end of a two-week run-in period, during which patients were counseled on strategies to overcome problems with non-adherence, adherence was ascertained by means of recall questions and pill count. Only those who had > 90% adherence were included in the study.
Four visits (screening, end of run-in period/commencement, 16 weeks and 24 weeks) were scheduled for study participants. At all visits, patient history, physical examination and adherence to medications were assessed and recorded. Recently passed urine and venous blood samples were also collected for measurement of biochemical parameters.
Random urine samples were taken from participants for urinalysis and measurement of biomarkers of tubular function (uric acid [ , which persisted to the 16th and/or 24th week were categorized as those with chronic kidney disease. Renal impairment was GFR < 90 mL/min/1.73 m 2 , while an abnormal urine albumin-creatinine ratio (UACR) was regarded as UACR > 30 mg/g. A follow-up of study participants at 8 weeks, 16 weeks and 24 weeks was done to ascertain drug adherence and presence of side effects, and for drug refill.
Sampling technique
A total of 104 patients were recruited over four months. An average of 12 new HIV-positive patients was enrolled into the HIV Testing Services program each week, making a total of at least 48 new cases per month. From the clinic register, six new HIV positive patients who met the selection criteria and willingly gave consent to participate were selected per week using a simple random technique of balloting until sample size was attained.
Statistical analysis
All collected data were analyzed with the Statistical Package for Social Sciences (SPSS) version 22.0 (IBM Co., Armonk, NY, USA). Continuous data were abridged as means ± standard deviation, while categorical data were expressed in proportions. Associations between categorical variables were tested using chi-square and corrected with Fisher's exact and likelihood ratio chi-square tests where more than 20% of the cells had expected values less than five. Student t test and a one-way ANOVA of repeated measures were employed to test the effect of TDF use on urine parameters at baseline, 16 weeks and 24 weeks with a two-sided significance level set at P < 0.05.
Ethical approval
Ethical clearance was obtained from the Research Ethics Committee of UPTH, as part of a larger study. Written informed consent was obtained from all volunteer subjects recruited for the study. Utmost confidentiality was maintained throughout the study. Participation in the study was entirely voluntary and participants were at liberty to withdraw from the study at any time without any penalty. A copy of the filled informed consent form was given to the patient and the others were retained in the patients' medical notes and the study master file.
Results
About half (48.1%) of the patients were in the modal age group (25-34 years), and the age distribution was almost similar in both groups (P = 0.263). The mean age of the patients was 34.1 ± 8.2 years; the mean ages for the two groups were almost comparable (P = 0.125). Similarly, sex distribution was about the same for the groups (P = 0.226). The mean serum glucose was within normal limits throughout the study. While no patient in the non-TDF group had hematuria, a higher proportion of TDF patients had proteinuria (8.8% vs. 6.4%) and glycosuria (7.0% vs. 4.3%). However, the association between outcome of urinalysis and use of TDF was not significant (P = 0.279; Table 1 ). www.krcp-ksn.org
There was no statistically significant difference in mean values of urine glucose and phosphate between the two treatment groups at baseline (P = 0.171 and P = 0.465, respectively). However, their mean concentrations at 24 weeks were significantly higher among TDF group (P < 0.001 and P = 0.007, respectively). The differences in loss of albumin, total protein, creatinine and uric acid in urine were not statistically significant between the TDF and non-TDF groups from baseline to the 24th week (Table 2) . Mean values of all urine parameters increased significantly among the TDF group before treatment and 24 weeks after treatment (P < 0.001). However, among the non-TDF group differences in mean values of total protein and creatinine in urine did not change significantly from baseline to the 24th week (P > 0.05; Table 3 ).
With analysis of variance for repeated for measures, the use of TDF-based ARTs had significant effects on all urine parameters except creatinine (P = 0.093), while the use of non-TDF-based ARTs only affected urine albumin and uric acid (P = 0.001 and P = 0.031, respectively). After 16 weeks of treatment with TDF-based ART, mean urine phosphate increased significantly (P = 0.003) by 2.97 mg/dL whereas the non-TDF group had a mean rise of only 1.02 mg/dL, which was not statistically significant (P = 0.394). The rise in urine phosphate from baseline to 24 weeks was higher among the TDF than the non-TDF group (8.22 vs. 6 .51 mg/dL). Similarly, uric acid rose precipitously by 50.90 mg/dL from baseline to 16 weeks after treatment with TDF-based ART; however, the rise among the non-TDF for the same period was not significant (P = 0.065). The subsequent increase in uric acid between the 16th and 24th weeks (91.64 vs. 59.01 mg/dL) and the mean difference between baseline and 24th week values (142.58 vs. 101.55 mg/dL) were higher among the TDF group. The rise in mean urine glucose from baseline to the 24th week was more marked among the TDF than non-TDF group (0.25 vs. 0.07 mmol/L). Higher increases in mean differences in urine albumin were recorded among the TDF than non-TDF group (0.64, 0.79, 1.43 vs. 0.51, 0.67, 1.18 mg/dL (Table 4) . Serum creatinine and glucose, as well as GFR, were virtually comparable across the two groups, and their mean differences were not statistically significant (P > 0.05; Table 5 ).
About three-fifths (61.4%) of the patients on tenofovir had impaired renal function at baseline. Over a third (38.3%) of the non-TDF group had normal GFRs at 16 weeks, although slightly over a fifth (21.3%) of the TDF group were already at the stage of chronic kidney disease. The difference in proportions of patients with various categories of GFR was statistically significant between the groups (P = 0.038). The categories of GFRs differed significantly between the TDF and non-TDF groups (P = 0.027) as over a quarter (26.3%) of the TDF group had GFRs reflective of chronic kidney disease by the 24th week (Fig. 1) .
A greater proportion of the patients who had abnormal UACR at baseline were those on non-TDF ARTs (56.2% vs. 43.8%; P = 0.013). The proportion of patients with abnormal UACR among the TDF group increased progressively from less than half (43.8%) to almost three-fifths (54.9%) at 24 weeks; however, the difference in prevalence of abnormal UACR be-tween the two groups from 16 weeks to the end of the follow-up period was not significant (P = 0.773 and 0.971, respectively; Fig. 2 ).
Discussion
The advent of antiretroviral agents for the effective www.krcp-ksn.org treatment of HIV is one of the best things that have ever happened to people living with HIV/AIDS in the twentyfirst century; however, some of these drugs have adverse effects, particularly on the kidneys and possibly other vital organs. Evidence suggests that tenofovir has devastating effects on renal tubular and glomerular function [20, 21] . This study sought to highlight some of the effects that tenofovir may have on renal function by comparison with a group of HIV-infected patients not on a tenofovirbased regimen in order to identify the connection between renal dysfunction and tenofovir use among HIVpositive patients.
There was a female predominance in this study. Females are more prone to HIV infection, especially via sexual transmission, and this could explain the higher female to male ratio. Conversely, male predominance was reported from similar studies conducted in Spain and the USA [22, 23] . High-risk sexual behavior and differing sexual or gender preferences may account for this variation.
The age and sex distributions of the patients were considerably similar in the two groups. The modal age group was 25 to 34 years and the mean age was 34.1 ± 8.2 years.
Similarly, a study conducted in Zambia reported an average age of 32 years for patients treated with tenofovir [24] . Because the modal age in this study represents a young population constituting a major part of the 'non-dependent' economically-productive age group, it is unpromising that young people bear the burden of HIV/AIDS. There is no known cure for this pandemic, and anti-retroviral drugs have many adverse effects. Thus, the quality of life of HIV patients is, beyond doubt, not optimal. The burden of ingesting pills daily, compounded with stigmatization, further reduces the measure of satisfaction they derive from life.
Dipstick urinalysis at baseline revealed that about onetenth of the patients had proteinuria. Although no significant association between proteinuria and the use of TDF was recognized at the initial assessment, about 1 in 20 of the TDF group also had hematuria. These findings of hematuria and proteinuria are suspicious of pre-therapy abnormalities and may be substantiated by the high level of urinary proteinuria observed at baseline for all HIVpositive patients. However, they are not confirmatory of pre-treatment renal abnormality. A study conducted in England also reported a high prevalence of pre-therapy subclinical proteinuria among HIV-positive patients [21] . Figure 1 . Prevalence of renal impairment among tenofovir disoproxil fumarate (TDF) and non-TDF groups. Renal impairment was defined as glomerular filtration rate (GFR) < 90 mL/min/1.73 m 2 ; CKD as GFR < 60 mL/min/1.73 m 2 persisting from baseline to the 16th and/or the 24th week. P for association between GFR and TDF use at baseline, the 16th and the 24th week were 0.254, 0.038, and 0.027, respectively. Persistently-increasing proteinuria observed in the weeks following baseline assessment is probably due to damage to the kidneys by the administration of tenofovir in this study and is corroborated by the finding from a previous study in the USA which reported repeated measures of proteinuria among subjects who had tenofovir [22] .
There was persistent glycosuria in spite of normal blood glucose among these patients, a finding that may point to proximal tubular damage as there was progressive excretion of glucose in urine. Similarly, there was significantly increased excretion of phosphate, albumin, uric acid and protein after initiation of ART. However, use of tenofovir-based ART seemed to have had a greater impact on renal function, as phosphaturia was significantly higher among the tenofovir group. Persistent excretion of phosphate in urine could reduce bone density in tenofovir users and increase their susceptibility to pathological fractures. This finding is supported by a similar report from Denmark where the use of TDF has been associated with phosphate wastage in urine and subsequent bone demineralisation [25] .
Although urinary bicarbonate and amino acids were not assessed in this study, the observation of persistent renal glycosuria and phosphaturia may also be early warning signs of progression to Fanconi syndrome in tenofovir users [26] , who may be susceptible to developing partial Fanconi syndrome as suggested by a 2014 review [27] . Similar findings of partial Fanconi syndrome among patients on TDF have also been documented in previous studies [14, 28] .
There was a sustained rise in prevalence of chronic kidney disease among all patients. This upsurge was significantly more marked among the tenofovir-exposed group than the controls, particularly at the 16th and 24th weeks. Evidence from previous studies supports the association of tenofovir use with progressive decline in kidney function [22, 26, 29, 30] . Unfortunately, this renal abnormality may worsen with continued treatment as recent studies have reported that renal dysfunction due to tenofovir toxicity is not totally revocable even if treatment is discontinued, and progress to the symptomatic stage is inevitable without appropriate intervention [24, 31] . It is, however, noteworthy that none of the patients in this study had eGFR < 30 mL/min/1.73 m 2 and mean GFR was comparable between the two treatment groups, suggesting more of a tubular than a glomerular dysfunction. Similarly, a previous study reported that progressive decline in eGFR among tenofovir users is likely to be associated with tubular rather glomerular dysfunction [32] . Thus, biomarkers of tubular dysfunction will be instrumental in the recognition of pre-symptomatic nephrotoxicity before the marked reduction in GFR becomes obvious in HIV patients on TDF. Nonetheless, the prevalence of abnormal UACR was high among all patients at baseline. It was, therefore, almost impossible to exclude a pre-treatment renal condition, although the baseline renal abnormality in this study may have been due to HIV-associated nephropathy as the virus also targets the kidneys in HIV patients without treatment [33] .
Similarly, there was a gradual decrease in the proportion of patients with normal UACR, and this trend was more pronounced in the tenofovir group than the control group. The above findings all demonstrate likely ongoing damage to the kidneys with continued administration of TDF-based ART.
Surprisingly, the non-TDF patients had a higher prevalence of abnormal UACR at baseline. This finding suggests pre-treatment nephropathy which improved progressively from baseline to the 24th week. Although a vivid explanation for this finding is not readily available, it is possible that incremental rate of creatinine excretion exceeded albumin excretion in urine after initiating non-TDF-based ART.
Generally, most baseline serum and urine biomarkers of renal function in this study were not significantly different between the two groups, indicating a comparable pre-treatment renal status among all patients. This makes the effect of tenofovir demonstrated in this study plausible. However, selection bias was inevitable since participants were drawn from one tertiary hospital. An additional limitation is that this study reported the prevalence of renal tubular dysfunction as patients with prior subclinical biochemical derangement were not originally excluded; thus, further studies to elicit incidence of tubular dysfunction are required in the future.
In conclusion, this study demonstrated a progressive rise in the prevalence of renal dysfunction among HIVpositive patients following administration of tenofovirbased ART. However, pre-treatment renal dysfunction could not be completely excluded from all HIV-positive www.krcp-ksn.org patients in this study. Indicators of tubular, rather than glomerular, dysfunction were found to be markedly higher among those patients on tenofovir-based ART. Therefore, biomarkers of tubular dysfunction will be valuable in detecting pre-symptomatic nephrotoxicity before a marked reduction in GFR becomes obvious in HIV patients on TDF.
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